Patented June 17, 1952 2,601,219 

UNITED 

STATES PATENT 
2,601,219 
PROCESS OF VIAKING O-ETHYL S-ETHYL 
O-PARA NITROPHENYL TIOPH, OSPHATE 
Henry L. VIorrill, C1ayton, VIo., assignor to VIon- 
santo Chemical Company, St. Louis, Vlo., 
corporation oï Delaware 
No Drawing. Application July 17, 1948, 
Serial No. 39,379 
2 Claires. (CI. 260--461)- 

1 
This invention relates to O-ethyl-S-ethyl-O- 
p-nitrophenyl thiophosphate and its preparation. 
It is known that O,O-diethyl-O-p-nitrophenyl 
thiophosphate possesses insecticidal properties. 
As a result of research conducted upon the-in- 
secticidal activity of O,O-diethyl-O-p-nitro- 
phenyl thiophosphate, it has now been round 
that this compound can be made to undergo re- 
arrangement wfth the resulting provision of a 
certain novel compound which is characterized 10 
by greatly enhanced insecticidal activity. This 
novel compound is O-ethyl-S-ethyl-O-p-nitro- 
phenyl thiophosphate having the structural 
formula: 15 
C]C]--O 0 
)_o_(ïo 
I hve ïound th$ She novel compound of the 
present inven$ion my be prepred bY hetin 0 
O,O - dieShyl - O - p - niSrophenyl Shiophosphte, 
eiSher in iSs pure ïorm or in combin$ion 
sll ounts oï impuities, ïor exemple, 0.1 fo 
5  or ore oï SrieShyl thiophosph$e or 
phosph$e, rom one $o Sen hours or more 
pertures in the ne o pproxi$ely 0 
pproxi$ely 80  C. This he$in process 
be crried out under reduced pressure or 
ospheic pressure. 
e ïollowin exemples wiH serve to iHustrte 0 
She novel compound oï Shi inven$ion nd 
meShod oï preprtion. 
A ixture oï 95 . o O,O-dieShyl-O-p-nitro- 
phenyl Shiophosph$e nd 5 . o $eShyl 
phosph$e was heted $ 60-ï0  C./0 mm. or 
ppoxi$ely 0 hours. e resul$in product 
ws stem dis$illed fo remove She residul tri- 
ethyl Shiophosphte reminin ter She rection. 40 
The product ws then nlyzed ïor $o$I sulïu 
conn$, eployin o this puose She sodiu 
peroxide oxid$ion oï the sulfur consent oï the 
compound $o She suï$e rdicl nd She subse- 
uen$ deSermin$ion oï She sulate rdicl. A 
sepr po$ion o She compound ws nlyzed 
ïo he presence of sulïur in She orm oï 
by ens oï n Ikline hydrolys oï the s- 
ple ollowed by broine oxid$ion nd subse- 
uent deSermintion oï he sulï$e rcl. The 
phosphorus consent oï She copound ws deter- 
ned by $itrtin the Ikli consumed on 
ine hydrolysis o She smple. The nly$icl 
resulSs ïrom the ïÇçeoin nlySç were s 
ïoHows: 
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2 
Total sulfur calculated 11.0%; round 11.1%. 
P->S sulfur calculated 0%; round trace. Phos- 
phorous, calculated 10.6%; round 10.6%. 
Similar analyses were made on a specimen of 
50,O-diethyl-O-p-nitrophenyl thiophosphate and 
the results were as follows: 
Total sulïur calculated ll.0%; round il.l%. 
P-+S sulfur, calculated ll.0%; round 10.2%. 
Phosphorus, calculated 10.6%; found 10.4%. 
Crystallizing points on the starting material 
and the final product were determined. It was 
round that the crystallizing point of O,O-diethyl- 
O-p-nitrophenyl thiophosphate was ÷1.4 ° C. 
whereas the crystallizing point of the mixture 
of O,O-diethyl-O-p-nitrophenyl thiophosphate 
and O-ethyl-S-ethyl-O-p-nitrophenyl thiophos- 
phare thus obtained was .--36 ° C. OEnsecticidal 
tests show the latter compound o be several 
rimes more active than O,O-diethyl-O-p-nitro- 
phenyl thiophosphate. Moreover, the new com- 
pound showed far less decrease in activity over 
a period of rime. 
Similar runs were made using O,O-diethyl-O- 
p-nitrophenyl thiophosphate containing respec- 
tively 0.1, 0.5 and 2% by weight of triethyl thio- 
phosphate. Another series was made using O,O- 
diethyl-O-p-nitrophenyl thiophosphate contain- 
ing 0.1, 0.5, 2 and 5% ïespectively of triethyl 
phosphate in place of triethyl thiophosphate. In 
each instance analysis revealed the presence of 
O-ethyl-S-ethyl-O-p-nitrophenyl thiophosphate 
and the products were materially enhanced in 
insecticidal activity. 
Example II 
A 200 g. portion of crude O,O-diethyl-O-p- 
nitrophenyl thiophosphate containing 7.5% of 
free p-nitrophenol and 15% of triethyl thiophos- 
phare was washed with 3 % aqueous sodium car- 
bonate solution to remove the free p-nitrophenol. 
The material was then washed with water. The 
washed material was steam distilled to remove 
the triethyl thiophosphate. The material was 
then heated at 160 to lï0 ° C./10 mm. for 5 hours. 
The resulting product upon analysis was round 
to be composed of 46% of O,O-diethyl-O-p- 
nitrophenyl thiophosphate and 54% of O-ethyl 
S-ethyl-O-p-nitrophenyl thiophosphate. Fur- 
ther heating of the composition at i60 to 
50 170° C./10 mm. for an additional 5 hours resulted 
in a product which was substantially all O-ethyl- 
S-ethyl-O-p-nitro.phenyl thiophosphate. The 
intermediate composition containing 54% of O- 
ethyl - S - ethyl - O - p - nitrophenyl thiophos- 
65 phare was round to possess greater insecticidal 
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activity than the starting material, O,O-diethyl- 
O-p-nitrophenyl thiophosphate. The end prod- 
uct after 10 hours of heating was found fo pos- 
seas several rimes the activity of the starting 
material. 
Example III 
To 100 g. of O,O-diethyl-O-p-nitrophenyl 
thiophosphate was added 2 g. of triethyl phos- 
phate and the mixture was heated af 160 to 170 ° 
C. for 10 hours. The resulting product uponanal- 
ysis vas round to be pred0mCanfly O-ethyl- 
S-ethyl-O-p-nitrophenyl thiophosphate with a 
small Portion of triethyl phosphate present. The 
product was found fo possess greafly enhanced 
insecticidal activity. 
One of the outstanding and unpredi¢table 
characteristics of the novel compound of the 
present invention is the greatly enhanced ter 
sidual toxicity of the compound upon ageing. 
This bas. been demonstrated effectiely by means 
of the following tests.: Dflut solu.tions of the 
compound (1.:.2000) in acetone were sprayed on 
filter papers in Petri dishes and the solvent was 
alloved fo evaporate from the sprayed papers. 
Insects were placed on the tteated papers fo a 
period of one hour and were. then removed fo. a 
clean Petri dish. The percentage kill in 48 hours 
was observed. One day. later the saine treated 
papers were used in contact with another lot of 
insects. This procedure was rePeated 3 or 4 
days with the saine treated, paper. Each day 
there was a decrease in insecticidal activity, in 
the treated paper. Hoveer, whereas the O,O-di- 
ethylrO-p-nitrophenyl thiophosphate showed a 
lost o 30% of activity in 3 days, the O-ethyl-S- 
ehyl-O-p-nitrophenyl thiophosphate showed a 
loss of only 13% in the saine period of rime. 
These results serve tQ i11ustrate, the enhanced 
utility of the novel, compound of the present in- 
vention as an insecticidal agent. The compound 
may be formulated in the conventional manner 
with the aid of carriers, wetting,, emulsif:ing and 
dispersing agents and other auxfliary agents for 
the provision of useful inse¢ticidal compositions 
for agricultural and ïndustrial purposes. The 
resulting compositions may be applied in the con- 
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ventional manner by spraying or dusting in the 
desired locations. 
What is claimed is: 
1. The process comprising heating O,O-di- 
5 ethyl-O-p-nitrophenyl thiophosphate having the 
formula: 
CHiCHe--0 S 
)_o_o, 
I0 CHiCHe--0 
at. a temperature in. the range of from approxi- 
mately 140 ° C. to approximately 180 o C. for 1 to 
10 hou_rs 
2. The lr.ocess comprising heating a mixture 
1-5 compriaing O,O-diethyl-O-p-nitrophenyl thio- 
phosphate, having the formula: 
CHiCHe--0 S 
20 
and a small portion of a substance aeleg.ed fr.om 
the group consisting of triethyl thiophosphate 
and' trieth:¢l phosphate at a temperatu!:¢ in he 
range oï 1.40. °. C. fo 10 ° C. for 1 to 1.0 hous,, and 
25 ubsequently steam distilling mpurities from the 
esultiñg prod[lct, 
HENry L. MORIILL-. 
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